Abstract: Piles are frequently used to transfer the heavy compressive loads to strong soil layers located in the depth 11 of bed. In addition, such piles may be subjected to combination of repeated compressive and tensile loads due to 12 earthquake, wind, etc. This paper describes a series of laboratory model tests, at unit gravity, performed on belled pile, 
1
anchors/enlarged pile base embedded in sand. They indicated that the uplift capacity of the anchor increases 2 with an increase in the ratio of embedment depth to base diameter, and with an increase in the number of 3 geotextile layers. The optimum number of the geotextile layers of ties was found to be 2. Consoli et al.
4
(2012) investigated the effect of polypropylene fibers on the uplift behavior of model footings embedded in 5 sand. They reported that the uplift capacity increased considerably with insertion of fibers in the sand backfill 6 for all embedment depths.
7
The previous studies on the pullout load-displacement behaviour of anchors and anchor piles were 8 concerned about the case of unreinforced foundation, and reinforced foundation with planar reinforcement 9 (e.g., geotextile and geogrid reinforcement) under static uplift loads. Therefore, the above mentioned 10 literature indicates that there is a major lack of studies about the behaviour of anchors and anchor piles 11 subjected to the alternating pullout forces (the term "repeated loads" may be used in this paper for the 12 specific alternating pullout forces) when supported in geocell reinforced soil.
13
In the research described here, and in order to develop a better understanding of the behaviour of belled 
Problem statements and belled pile construction

23
Belled piles are under-reamed straight shaft piles and are often required for engineered substructure 24 design. Belled piles can be an economical way to enlarge the end area of a pile (bottom). The cone-shape 25 enlargement of pile bottoms will result in substantially higher bearing capacity and particularly suited to 26 ground conditions where a strong stratum is overlain by soft strata in which pile shaft friction will be small or 27 even negative. Using belled piles can usually reduce costs as they normally are kept shorter than their straight 28 shaft counterparts. This requires less material such as concrete and steel. On a typical pile diameter of 800 or 29 1200 mm bell sizes between 1500 and 3000 mm diameter are common. Construction of belled piles in 4 unreinforced soils needs to employ the rotary excavation method to drill and to create an enlarged base 1 (under-ream) as a bell shape at the bottom, which increases the base bearing capacity of piles in competent 2 soil strata and increases the uplift load capacity. Belled piles or piers primarily rely for their anchorage 3 capacity on the resistance of the soil in which they are embedded. The capacity of a buried anchor or belled 4 pile essentially comprises the weight of soil within the failure zone above the bell, the frictional resistance 5 along the failure surface and the self-weight of the foundation. In normal cases, the required uplift capacity of 6 belled piles can be achieved by increasing the bell size, the depth of embedment and the density of the 
10
appears to derive substantial anchorage from both sides of the loaded area due to the frictional and passive 11 resistance developed at the soil-geocell interfaces. It seems that this action is similar to that of a beam or raft 12 spreading the loading to remote positions. Therefore, the use of geocell reinforcement in the trench over and 13 beneath the belled of pile (see section 6) could provide the potential to increase the tensile load capacity and 14 the compressive bearing capacity, respectively, and consequently might limit deformation of the belled pile 15 and ground surface deformation. Therefore, instead of increasing the bell size or the depth of embedment, the 16 authors aimed to investigate the improvement effects of using geocell reinforcement on the uplift response of 17 belled piles and to develop this concept for field construction.
18
Construction of belled piles in reinforced backfill follows a different procedure from that described 19 above. In this case, the precast concrete or precast steel belled pile should be used and thus the practical 20 depth is limited. It would be constructed specially to resist any uplifting force or overturning moment placed 21 on a structure. Belled piles in reinforced backfills can be installed by excavating the ground to the required 27  excavation to the bottom level of base of belled pile (Fig. 1a) ;
1
If there is no possibility of the compression load exceeding the bearing capacity of the underlying 2 stratum, this might be unnecessary; 3  installation of the precast belled pile in the centre of the trench over the bottom geocell layer 4 followed by soil compaction in layers around the bell of the pile (Fig. 1c) ;
5
 placement of the layer of geocell reinforcement above the bell of the pile, compaction of soil inside 6 the geocell's openings followed by compaction of soil in layers around the shaft of pile to achieve 7 the level of final soil surface (Fig. 1d)   8 3. Goals 
9
The overall goal of the current study was to investigate the response of belled piles to compressive and 10 tensile repeated loadings, particularly to demonstrate the benefits of using geocell layers above and beneath 11 the bell of the pile. Thus, a total of 14 independent static loads and repeated load tests (plus 10 repeated tests) 12 on a belled pile model supported on unreinforced sand and reinforced sand with geocell was performed to: 
19
The data measurement system was developed to read and record both load and settlement automatically. 
27
The soil used is a relatively uniform silica sand of grain sizes between 0.85 and 2.18 mm and specific 28 gravity of 2.68 (Gs=2.68). The grain size distribution of this sand is also shown in Fig. 3 . The properties of 29 1 The geocell used in this study was fabricated from a type of a planar polymeric geotextile that was 4 thermo-welded to form a 'non-perforated geocell' (Fig. 4) . This type of geocell reinforcement provides 5 confinement chambers, which prevent the lateral displacement of infill from spreading, and therefore 6 hindering displacement. Approprate tensile strength of both the weld and the geosynthetic are required to 7 deliver a structure with high load-bearing capacity; otherwise rupture of the geocell-soil matrix could result The ratio of the geocell pocket size (dg=50mm) to diameter of circular bell of pile (D=150 mm) was kept shows an isometric view of the type of geocell used in the investigations. The engineering properties of the 13 geotextile (and thus, of the geocell walls) are presented in Table 2 . According to the manufacturer (Treff,   14 2011), the strength and stiffness of the geocell joint is higher than or similar to that of the geocell wall 15 material (i.e. geotextile).
16
Note that the geometry and the properties of the geocell reinforcement and the size and the properties of results of around 1-2%. This difference seems to be small for geotechnical applications.
6
The unreinforced soil beneath the belled pile (and the geocell reinforced layers beneath the base of the 7 pile, Test Series 5 in Table 3 
25
The geometry of the test configurations for belled pile embedded in geocell reinforced soil considered in 26 these investigations is shown in Fig.5 . Also, the details of both the static and repeated load tests are given in 27 Table 3 . Test series 1, 2, and 3 were conducted on the unreinforced bed and geocell reinforced bed by by geocell reinforcement, reported the maximum value of this parameter to be about 3.2 and 3.6 times the 7 footing width/diameter, respectively. Therefore, the selected value of "b=5D" seemed to be adequate and was 8 kept constant in the tests described in this study..
9
Many of the tests were repeated carefully, at least twice, to examine the performance of the apparatus, the 10 accuracy of the measurements, the repeatability of the system, the reliability of the results, and finally to 
11
Their investigations on the influence of geogrid reinforcement on the uplift performance of small scale belled 12 piles showed that uplift resistance increases with the height of reinforcement zone. 
21
Furthermore, in this case, due to excessive upward displacement which starts after the first load cycle, 
4
A further observation is that, with increase in the height of the geocell layer, the rigidity of the reinforced 5 system over the bell of the pile increases, which restrains the soil against heave, and thereby reducing heave 6 of the fill surface. In the case of increasing the height of geocell to 100 mm, the heave of the soil surface 
13
When comparing the total upward and downward displacements of the belled pile from Fig. 9 and 
19
The improvement could be attributed to the fact that the bell pile without a geocell layer at the base, 
6
From the results presented in Fig. 12 , it is seen clearly that for all load cycles, the geocell reinforced bed 7 system with an additional geocell layer at the base, has a smaller downward displacement (Fig. 12a) 
16
The behaviour of a belled pile contained within geocell reinforcement layer is complex, involving 17 interaction between the geocell pockets, the surrounding soil, the shaft pile, and the bell of the pile.
18
Obviously, the tests conducted in this study, are not adequate for a complete understanding of the mechanism Table 3 
